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Abstract
. After a decade of mathematical explanatory modelling of the phenomenon of
the spiral patterns seen on plants, that is phyllotaxis, the aim of this symposium is
to give further impulses towards a complete solution of the problem . Future develop-
ments will come from a better integration of the various aspects of the problem - cel-
lular, epidermic, vascular, anatomical, physiological, mathematical
- from a massive
introduction of the ideas related to differential growth and allometry, and from the
study of aberrant cases by which more or less valid hypotheses can be rejected
. For
example spiromonostichy is a genuine puzzle: it invalidates Hofmeister's rule on which
all the mechanistic theories and models of phyllotaxis are based . This report stresses
the importance of higher levels of universality by which the ideas and concepts of the
actual theories and models will be generalized, in order to show the limits of their
validity : to give more inclusive results, and more logical solutions
. This author
thinks that a more complete theory of phyllotaxis will be worked out by an interpreta-
tive approach by which the phenomenon of phyllotaxis will be interpreted in terms of
its ultimate effect . He has made some progress in that direction by assuming that 1)
the ultimate effect is the minimization of the entropy of the plants, 2) the primordia
form a hierarchical or multilevel system, and 31 the phenomenon of phyllotaxis is first
of all an evolutionary problem. It will be shown that the model he developed produces
some of the expected generalizations .
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INTRODUCTION
The theories of phyllotaxis can be classified into
two categories, interpretative and mechanistic .
An interpretative theory interprets the phenomenon
of phyllotaxis in terms of its ultimate effect,
which is assumed to be (in Jean, 1980b) the mini-
mization of the entropy of plants . The mechanis-
tic theories are based on perceptions of what
should be the mechanism responsible for the pat-
terns . The mechanistic models succeeded to prove
that hypothetical mechanisms are possible, but
their actual operation cannot be proved . In par-
ticular the existence of an inhibitor whose diffu-
sion is assumed to give rise to the phyllotaxtic
patterns, its nature and its mode of transport,
are unknown . The causality of auxin or of contact
pressure in the determination of the patterns
still awaits support . According to Schwabe and
Clewer (1984) "the theories of the patterns origi-
nating by systems of mutual pressure of primordia
rather lack experimental evidence and do not
command sufficient support for further considera-
tion" . At any rate, already in 1960 Sinnott pro-
claimed that the mechanistic theories are 'too
simple", and he looked for "more logical solu-
tions" .
Recent works, such as those of Green (1986a, b),
underline the idea that the mechanistic theories
of phyllotaxis are first approximations of a com-
plex process of biological pattern formation on
plants .
From the observation of rows of cells, of reinfor-
cement patterns of cellulose microfibrils, and of
structural reorganizations of the epidermis on the
apical dome, 'Green has put forward a model which
is able to reproduce phyllotactic patterns such as
decussation and distichy, and most probably Fibo-
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nacci spiral systems . The observations and the
model show that future leaves can be identified,
well before a contact appears, as angular epider-
mis discontinuities .
This "weighs against the
theories based on mutual contact pressures of pri-
mordia or on physical constraints determined by
the older primordia" whose role is "positive, non
inhibitory", and possibly renders the mechanism of
diffusion, where the discontinuities are seen as
thresholds of concentrations of a morphogen,
"unnecessary" .
There is a need in phyllotaxis for more general,
comprehensive theories and models
. We indicate
here how the relatively new hierarchical represen-
tation of phyllotaxis generalizes the conventional
centric and cylindrical representations . We show
in which ways the interpretative model in the hie-
rarchical representation produces some of the
expected generalizations of the mechanistic models
in the conventional representations . We propose a
discussion of entropy as able to produce a "super
model" that generalizes and unifies existing phyl-
lotactic theories, and shows the limits of their
validity .
AN OVERVIEW OF THE HYPOTHESES
At the beginning of the century Church (1968)
pointed out the variety of hypotheses and verbal
explanations put forward to explain the phenomenon
of phyllotaxis, with none either confirmed or
invalidated . With the evolution of experimental
research, three main theories claimed attention in
the 1940s, with various amounts of factual sup-
port . They were (1) the first available space or
space filling theory, implicit in Van Iterson's
work and largely adopted and developed by Snow and
Snow (1962) ; (2) the field theory of Richards
(1951), originating in Schoute's work and favored
by Wardlaw and Schwabe ; (3) Plantefol's theory of
foliar helices and contiguity, which pervaded the
French literature on morphology . . The latter
theory deliberately avoided mathematical treat-
ment . It is thoroughly discussed by Loiseau
(1969), and Wardlaw made an extensive critical
analysis of it . With the help of the first avai-
lable space theory it apparently can explain many
facts of observation, but according to Cutter it
is "not supported by any conclusive experimental
evidence" . The first two theories became, in the
1970s, the foundations of several mathematical
treatments .
In 1974 the contact pressure hypothesis of Schwen-
dener was strongly revitalized by Adler (1977),
who is also responsible for having shown limita-
tions in the approaches of Snow, Schwendener, and
Richards . More recently Jean (1980b) proposed a
way of attacking the functional aspect of the pro-
blem, completely neglected by the mathematical
modelers .
The above theories assume quite different mecha-
nisms . They generally accept Hofmeister's rule
according to which each new leaf arises in the
largest gap or depression between the existing
leaves around the apex . The first available space
theory combines this rule with Snow's hypothesis
that each new leaf emerges on the growing apical
cone, in the first place which has a minimal size
and which is at a minimal distance from the tip of
the apex . Hofmeister's rule thus indicates where
the leaf arises, and Snow's hypothesis indicates
when
; each leaf it supposed to be determined as a
whole . Wardlaw (1968) gave an interesting discus-
sion of this theory, and Adler (1975) built a
mathematical model of it .
Richards field theory, which also accepts
Hofmeister's rule, postulates that the apical
meristem and each of the growing leaf primordia
are centers surrounded by chemical fields, which
may be hormonal or nutritional gradients . The
primordia produce a diffusible inhibitor or mor-
phogen, which prevents the formation of new pri-
mordia as long as its concentration is greater
than some given threshold value .
As soon as
apical growth allows the concentration to fall
below the threshold at some point, a new primor-
dium is initiated there, as a point
. According to
Schwabe the experimental evidence accords best
with a field theory
. It has been cast recently
into quantitative models by Veen (1973), Thornley
(1975), Young (1978), Schwabe and Clewer (1984),
and Williams and Orittain (1984) . In the
diffusion-reaction theory of Turing, substances
react one with another according to the known laws
of physics and chemistry, to produce the organic
forms . Wardlaw (1968) gives an account of this
theory and applies it to simple cases in botany .
According to him it is likely that this theory of
standing waves will some day explain the phyllo-
tactic patterns, the branching of algae, etc
. A
variant of the diffusion field theory, which
involves both activation and inhibition, has been
presented by Meinhardt (1984) .
Schwendener proposed a mechanical theory according
to which a field of tension arises between the
primordia, controlling the position of the new
primordium
. More precisely, in Adler's contact
pressure theory (1977) each primordium grows in
diameter until it touches its nearest neighbor
.
Then the subsequent growth is determined by the
maximization of the minimal distance between the
centers of the.primordia . Roberts (1977) used the
idea of contact pressure to imagine a development
of semidecussate and related phyllotaxis by dis-
tortion of spiral systems .
	
This is In agreement
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with Church's theory according to which spiral
systems are primitive, all the others being secon-
dary and phyletically related to the first ones .
Roberts proposed many variants of Schwendener-
Adler's theory, which do not seem to bring the
idea much further .
Many studies (see Jean 1982, 1986a) related for
example to vascular phyllotaxis, stress the hie-
rarchical structure (design) beneath the pheno-
menon of phyllotaxis, and the hierarchical control
which produces the integrated and simple behavior
of the primordia . The central hypothesis in
Jean's model (1980b) in the hierarchical represen-
tation is that a principle of optimal design
chooses the pattern which minimizes entropy .
ON THE CENTRIC, CYLINDRICAL, AND
HIERARCHICAL REPRESENTATIONS OF
PHYLLOTA%IS
Figure 1 illustrates what is meant by a hierarchy
.
To each type of phyllolactic system is assumed, in
the interpretative model, to correspond a hierar-
chy with simple and double nodes . These are
hierarchies with unequal dichotomies, partially
ordered systems of interrelated elements (the pri-
mordia) interacting in an aggregative fashion
. In
this approach coming from a phyletic and finalist
perception of the phenomenon of phyllotaxis, we
don't have to try to imagine the subtle ontoge-
netic mechanism at work (as in the mechanistic
theories), thus avoiding an oversimplification of
the tremendous complexities in the distal zone of
the apical meristem from which the primordia
arise .
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FIGURE 1 The diagram at the top, from
Hermant
(1946), illustrates a simple mechanism
by which the main phyllotactic patterns
are generated . It leads essentially to
the hierarchy or multilevel system at
the bottom, where the numbers of points
at each level
of the hierarchy determine
the sequence 1, 2, 3, 5, 8, . . . charac-
terizinq the pattern .
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Figure 2 shows a visible opposed spiral pair deno-
ted by (8, 13), meaning that there are 8 spirals
in a direction, 13 in the opposite direction with
respect to the center of the diagram, and that the
intersection of two opposed spirals is the center
of a primordium . The divergence angle, that is
the angle at the center between consecutively born
primordia, is approximately 0.382
. or (2 + p-1)-1
where 0 = (r5 + 1)/2 . The points at the inter-
sections of the opposed spirals, can be transfor-
med into a cylindrical lattice such as the one
shown in Figure 3 where the divergence is approxi-
mately 0 .42, that is the abscissa of point 1 assu-
ming that the distance between two representations
of the same point is one . The figure shows that
the neighbors of the vertical axis are consecuti-
vely 5, 7, 12, 19 . 31, 50, , the sequence cor-
responding to d, from which a multilevel system
can be built, showing bifurcations at some points
(double nodes), Just like the ones at the points
numbered in Figure 1, while at other points the
paths continue without bifurcating (simple nodes) .
For example, to have 7 nodes on a level, there
must be two double nodes in the level containing 5
nodes .
FIGURE 2 A cactus and its centric representation
showing the visible opposed spiral pair
(8,13),
an~ the angle of divergence Sod
(2 +
0-1)-
. 13//',
correspondin9 to a
familiar
case of normal phyllotaxis .
Families of 5 and 21
spirals can be
easily depicted from the diagonals
of
the quadran,ular regions .	The pattern
belongs to the series
1, 2, 3, 5, 8, 13,
GENERALIZING THE CONVENTIONAL REPRESENTATIONS
Given a value for the divergence angle d, one or
two sequences of natural numbers follow(s) depen-
ding on if a is irrationnal or rational . This or
these sequences can be obtained mathematically via
the continued fraction of d and its mediant nest
(s) of intervals (see Jean, 1984, p . 39) .
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also be obtained from a computer drawing of the
lattice corresponding to d . For example, in
Figure 3, imagine that the lattice has N points,
and that a ray from 0 moves counterclockwise . The
ray will go through two consecutive points ml and
1112, ml< m2, on each side of the vertical axis .
As N increases the two points will be consecuti-
vely m2, m3 . M2< m3, m3, m4, 1113 x m4 . etc, thus
determining a sequence of natural numbers, and a
sequence of visible opposed spiral pairs denoted
by (ml, m2), (mg, m2), (m3, m4), . . .
Here the
sequence is 2, 5, 7, 12, 19, 31, 5U, , repre-
senting the denominators of the consecutive prin-
cipal convergents of the continued fraction of d .
FIGURE 3
Cylindrical representation of a plant
showinq a case of anomalous phyllotaxis
where
the divergence is approximately
151.14' or 36U (2+(2+0-I)-i
- .
All the
points are in a vertical stripe between
-73 .b and U .S given that the coordinates
of	points m = 1,2,3,4, . . .,
are
(md - raid), mr) where r, called the
rise, is the ordinate of point 1, d is
the divergence angle and (md) is the
integer nearest to md .	Joining the
points by 5,
7,
12, 19, 31, 50, . . .,
determines families of straight lines,
corresponding to the families of spirals
in the centric representation, and the
visible o osed s iral pairs	(2,b),
(/,5), (1 .12), (19,12), . . . .
Given a visible opposed spiral pair, an interval
for d can be determined via the consecutive
contractions of the pair and the mediant nest (s)
which then follow(s) (see Jean, 1984, p . 39) . The
process delivers in particular the phyllotactic
fraction corresponding to each point of the pair .
For example, if the visible opposed pair is (m .
n), then the interval for d has the endpoints
(md)/m and (nd)/n . There is a theorem giving the
values of the fractions for the cases of normal
and anomalous phyllotaxis (see Jean, 1966a) . If
one of the points, say m, is on the vertical axis,
then d has the value (md)/m . If there is no point
of the lattice on the vertical axis, d is irra-
tional . If m and n are large, or if a sequence of
visible opposed pairs is given for the plant, then
d can be determined accurately .
Since the Bravais and Bravais (1837), the mathema-
tician and the botanist who introduced the cylin-
drical lattice, it is generally assumed that d is
irrational . Moreover it can be proved under
various
biologically plausible assumptions, that
the
value of d has to be such that its continued
fraction does not have intermediate convergents
from a certain term (see Coxeter, 1972 ; Jean,
1980b ; Ridley, 1982 ; Marzec and Kappraff, 1983) .
This means that from a certain term the sequence
MI, m2, m3, . . . corresponding to d is ruled by the
relation mia1 = mi +
mi-1
characterizing the Fibo-
nacci-type sequences . Then the corresponding hie-
rarchy contains only simple and double nodes .
The hierarchical representation can be said to
generalize the conventional representations .
Indeed in the centric and cylindrical representa-
tions two parameters can be used to describe all
the systems : the plastochrone ratio R or the rise
r respectively, and the divergence angle d .
The value of d being given, a sequence of natural
numbers follows, corresponding, in Figure 1 for
example, to the sequence of numbers of points in
the consecutive levels of the hierarchy . It is
known also that R and r simply determine two con-
secutive terms m and n of that sequence of natural
numbers, corresponding to the conspicuous opposed
spiral pair (m, n) . That is why in many recent
models of phyllotaxis the divergence only is con-
sidered . The sequence corresponding to d is the
fundamental element of the conventional represen-
tations, and the hierarchical representation
sticks to the essential .
I have imagined a device to generate all the hie-
rarchies of simple and double nodes : the growth
matrices which generate L-systems. I'd like to
underline that this approach to phyllotaxis
brought interesting original by-products in the
sector of the theory of growth functions of
L-systems which I have bridged with Perron-
Frobenius spectral theory . These new results I
have applied (Jean, 1981) to the analysis of the
growth of filamentous organisms .
A GENERALIZATION OF FUNDAMENTAL IDEAS
IN THE DIFFUSION THEORY
In the diffusion theory a primordium arises at
that level where the concentration of the inhi-
bitor generated by the apex has decreased below a
critical threshold . Its position at that level is
determined mainly by the two primordia that are
its nearest neighbors, and it arises nearer the
older one . An idea implicit in Richards' (1951)
is that it is not necessary to postulate an inhi-
bitor whose diffusion controls the birth of the
primordia : competition for nutrients is a sim-
pler, mathematically equivalent concept . The
predominance of the Fibonacci phyllotaxis can be
explained by a theory according to which 1) the
primordium arises at that level where the concen-
tration of the nutrients has increased above a
critical threshold, the apical tip and the pri-
mordia competing for these nutrients
. Its posi-
tions at that level is determined mainly by the
two primordia that are its nearest neighbors, and
it arises nearer the older one ; 2) after their
births the primordia grow in size towards the
regions of high nutrient density
. I guess that
this nutrient may come from below, via the vas-
cular system, or it may be a special substance
secreted by the shoot apex . In Meinhardt-Gierer's
mechanism of biological pattern formation (1984),
a primordium arises, or a branching takes place,
where the concentration of the activator reaches
up a critical level
. Replace the ideas of acti-
vator and nutrient by the idea of energy, to come
to the interpretative model (Jean, 1980b) based on
a principle of. maximization of energy or minimi-
zation of entropy . The ideas of production of an
inhibitor by the apex and by the primordia, of
diffusion of the inhibitor, of maximal spacing
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between the primordia under Alder's maximin prin-
ciple, imply the consideration of rates of change
of entropy and minimization of entropy . Using
Boltzmann's entropy function of the morphogen
distribution as a measure of spacing, and a linear
diffusion-reaction equation for the morphogen
field, Marzec (1986, and pers . cow .
)
found that
"the naturally occurring divergence angles produce
local minima in both the rate of production of
entropy due to morphogen diffusion and the rate at
which entropy is lost due to morphogen degra-
dation" .
SPECIFIC ELEMENTS OF THE INTERPRETATIVE
MODEL
This model (Jean, 1980b) is built around a guess
or an a priori answer to a question such as "What
are those phyllotactic patterns meant for?" The
model is an hypothetico-deductive construct from
which theorems, corollaries and predictions are
derived. The main result is that Fibonacci phyl-
lotaxis minimizes the entropy of plants. Some of
the predictions of the model are verified, others
need more data in order to be confirmed or inva-
lidated (see Jean, 1986b) .
According to Rashevsky (1965), general principles
can give to models, transient by their own nature,
a relatively greater permanence . In the model, a
principle of optimal design chooses among the
hierarchies the one which maximizes the energy of
plants . A functional cost is used to calculate
the energy cost. It is a functional entropy . All
the art and difficulty of the subject was to find
an appropriate functional . The one retained is a
sum of two factors :
E _ -
L
log [s(t)/X(t)] .
	
(1)
t=1
The complexity X(t) of the hierarchy representing
the pattern increases rapidly with t, the gene-
ration or level of the hierarchy . The relative
frequency of duplications s(t), when it increases,
as in the hierarchies representing the various
types of spiral phyllotaxis, decreases E by a
small amount . w is the rhythm of the growth, that
is the order of the smallest irreducible (strongly
connected) square matrix generating the hierarchy .
The irreducibility of a matrix of order n means
that after every n levels of the hierarchy the
same generative process is repeated ; the rhythm
thus produces loops . The factor inducing the
rhythm is known to be the most fundamental problem
of physiology . Formula (1) resembles in many ways
to the usual formulae for entropy, but contrarily
to them it takes into account the organization of
the living matter .
Schrddinger initiated the use of a concept of
entropy in the life sciences by developing a
literal interpretation of the well- known formula
E = K log D, where D was a measure of the dis-
order, and K Boltzmann's constant
. In base 2 the
formula becomes E = log D . Wiener indicated the
need for an extension of the notion of physical
entropy when he stated tnat "Information repre-
sents negative entropy"
.
The extension by Renyi
(1961) of the notion of entropy to incomplete pro-
bability distributions allows us to speak of the
entropy of a single event of probability p, that
is log 1/p . In my formula p = 1/X so that
log 1/p = log X(t) = - log i/X(t) . This is the
entropy of a set of X(t) elements
. It corresponds
to the maximum of the more general entropy
I p' log pi under minimal constraints . Haynes
(1980 presents a whole list of authors that have
developed their own concepts of entropy
by
speci-
fying a function and applying it in a particular
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context . More often, the form of the mathematical
function is not even specified
. As it is cur-
rently being recognized, bio-entropy must be, as
in il), a sum of two factors. Other remarks on
the entropy concept can be found in Jean (1980a,
b) .
A GENERALIZATION OF FUNDAMENTAL STRUCTURES OF
ADLER'S CONTACT PRESSURE MODEL
In Adler's model (1977), the time TC at which
contact pressure is induced, fixes the phyllotaxis
Im,n) of the system (by means of the maximin prin-
ciple which maximizes the minimal distance between
the leaves), and determines, as it can be proved,
rising phyllotaxis along the
Fibonacci-type
sequence n, m, m+n, 2m+n, 3m+2n, ,
and the cor-
responding divergence angle, if contact pressure
is maintained
.
In the interpretative model, the time T
r
at
which the rhythm of growth is induced, fixes the
phyllotaxis (m,n) of the system (by means of a
principle of minimization of entropy), and deter-
mines, as it can be proved, rising phyllotaxis
along the Fibonacci-type sequence n, m, m+n, 2m+n,
3m+2n, and the corresponding divergence
angle, if the rhythm is maintained .
At time TC a rhythm of growth is induced, that
is the oscillation of decreasing amplitude of the
divergence d of the system on the contact pressure
path, where d moves from an endpoint to the other
in a sequence of endpoints of nested intervals
whose diameter virtually tends towards zero .
At time TC, by virtue of Adler's maximin prin-
ciple, the centers of the primordia move, by the
lateral growth of the primordia, and the size of
those primordia are maximized in the regular
cylindrical lattice .
At time Tr , by virtue of a principle of optimal
design, the centers of the primordia move to form
that hierarchy which maximizes the energy of the
system .
A sufficient condition to have Fibonacci phyllo-
taxis, defined by two consecutive terms of the
Fibonacci series, is that TC < 6 .
A necessary and sufficient condition to have Fibo-
nacci phyllotaxis is that T r < 6, Tr = 8 or
Tr = 13 .
Two apparently very
different conceptual systems
lead to a convergent result . By its greater gene-
rality the interpretative model gives a stronger
result . But the presence in it of a necessary
condition indicates that the construct is still
too restrictive .
CONCLUSION
The domain of phyllotaxis has recently seen remar-
kable successes through mathematical modeling and
biological investigations . It presently offers a
range of refinable models, suggesting directions
for future researches .
Even the descriptive
aspect of the problem has been revisited . Showing
a new approach to a riddle is an even greater
achievement than solving the riddle, since it
disturbs our laziness and complacency . What would
be the state of development of quantum theory if
all workers in the domain had ever shown complete
satisfaction with Bohr's model?
The article emphasizes that the primordia of
plants form a multilevel or hierarchical system,
that phyllotaxis is first of all an evolutionary
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problem, that the preponderance of Fibonacci phyl-
lotaxis can be explained by an interpretative
theory, and that such a theory is able to include
as special cases the existing theories and models
.
However inspirative the mechanistic models may be,
the testing of their premises remains an open
question
. This makes the links to plant physio-
logy and biochemistry rather weak and lowers their
heuristic value. On the other hand the physiolo-
gical experience is forcibly incomplete given that
the plants live in an environment in which various
factors interfere, thus making of phyllotaxis a
functional problem . It is dealt with as such in
the interpretative model . I don't say that this
model is better, as
far as the testing of the pre-
mises is concerned
. I say that its premises are
more general, more in line with a body of ideas in
biochemistry according to which the study of bio-
logy should start with the principles of thermo-
dynamics, which constitute the most fundamental
point of view from which to study all biological
phenomena (Lehninger, 1982) .
Research in phyllotaxis should aim at a better
integration of the various aspects and treatments
of the problem . Investigators interested in the
field from a purely mathematical standpoint tend
to pay insufficient attention to relevant anato-
mical and physiological aspects, while those who
are mainly interested in the biological aspects
tend to minimize the geometrical aspect . The
growing apex is a dynamic geometrical system pos-
sessing a biological organization .
The allometric and differential growth patterns in
the apex have been widely neglected
. For a given
divergence angle, phyllotaxis is the resultant of
two growing processes ; the rate of expansion of
the apex and the rate of production of the pri-
mordia .
It is observed that the phyllotaxis of a
system is expressed by
larger numbers when the
area of the apical meristem is larger in compa-
rison with the area of the new primordium . Accor-
ding to Wardlaw, the position of the leaves is
"fundamentally determined by the genetically-
controlled allometric growth pattern ." The study
of relative growth rates in the apex will resi-
tuate the debate in the framework of allometry, of
Thompson's transformation theory, and of the evo-
lutionary implications of the subject of phyllo-
taxis .
Some steps have been made in that direc-
tion (Jean, 1983a, b), giving, in particular, for
normal phyllotaxis with orthogonal opposed spiral
pairs (m,n), and rise r in the cylindrical repre-
sentation,
r = 1 .89433 (m + n) - 2,
	
(2)
an allometric line with slope -2 .
Richards noticed that the fern presents a simpler
picture of the essential phyllotaxis phenomena
than does the flowering plants, "yet it has been
regarded just as an aberrant type which must be
accommodated to theories elaborated from the
contemplation of a more specialized system ; the
converse attitude would seem to provide a simpler
approach ." The study of abnormalities is fruitful
in that it allows us to eliminate invalid hypo-
theses . By emphasizing the experimental work, and
the aberrant cases, not just the specialized ones,
generalized theories will come to life . There is
a need for bolder theories which will lead us off
the beaten tracks and enable us to make unusual
predictions and applications .
It is surprising that a stochastic approach to the
problems of phyllotaxis has not been put forward
yet, though many references show possible paths of
investigation in that direction . A complete
mathematical model showing how the phyllotactic
patterns proceed from cellular
patterns is awai-
ted . We
should develop concrete applications of
the theories of phyllotaxis, if these are substan-
tial enough
; a project with a French agronomist
aimed at producing more productive crops is in the
process of being defined . Bolle's theory' of
induction lines should be closely looked into and
extended
. Many botanical facts about phyllotaxis,
generally laid aside by the mathematical approach,
concerning phylogeny and ecology, should come into
play
on a more inclusive level of consideration
.
The living organism is a whole larger than the sum
of its parts, a fundamental assumption in the
essence of any interpretative theory
.
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